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A METHOD OF TIMING CALIBRATION 



Field of the Invention 

The present invention relates generally to wireless communications systems and, 
in particular, to geographical location using wireless communications systems. 

Background of the Related Art 

Satellite-based navigational systems provide accurate, three dimensional position 
information to worldwide users. Prior art satellite-based navigational systems, however, utilize a 
time consuming search process for determining position information. Time consuming search 
processes are undesirable in navigational systems particularly when the user is moving or in an 
emergency situation requiring immediate assistance. 

FIG. 1 depicts a well-known satellite-based navigational system referred to as 
Global Positioning System (GPS) 10. GPS 10 comprises a plurality of satellites 12-y and at least 
one GPS receiver 14, where y=l,2,...,n. Each satellite 12-y orbiting earth at a known speed y, and 
being a known distance apart from the other satellites 12-y. Each satellite 12-y transmits a GPS 
signal 1 1-y which includes a carrier signal with a known frequency / modulated using a unique 
pseudo-random noise (PN-y) code and navigational data (ND-y) associated with the particular 
satellite 12-y, wherein the PN-y code includes a unique sequence of PN chips and navigation data 
ND-y includes a satellite identifier, ephemeris information and orbital data, such as elevation 
angle a 7 and azimuth angle fy. FIG. 2 depicts a typical 20 ms frame of the GPS signal 1 1-y which 
comprises twenty full sequences of a PN-y code in addition to a sequence of navigation data ND-y. 

GPS receiver 14 comprises an antenna 15 for receiving GPS signals 1 1-y, a 
plurality of correlators 16-/r for detecting GPS signals 1 1-y and a processor 17 having software for 
determining a position using the navigation data ND-y, where £=1,2,.. .,m. GPS receiver 14 
detects GPS signals 1 1-y via PN-y codes. Detecting GPS signals 12-y involves a correlation 
process wherein correlators 16-k are used to search for PN-y codes in a carrier frequency 
dimension and a code phase dimension. Such correlation process is implemented as a real-time 
multiplication of a phase shifted replicated PN-y codes modulated onto a replicated carrier signal 
with the received GPS signals 1 1-y, followed by an integration and dump process. 

In the carrier frequency dimension, GPS receiver 14 replicates carrier signals to 
match the frequencies of the GPS signals 1 1-y as they arrive at GPS receiver 14. However, due to 
the Doppler effect, the frequency / at which GPS signals 1 1-y" are transmitted changes an 
unknown amount Afj before GPS signal 1 1-y arrives at GPS receiver 14 - that is, each GPS signal 
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1 1-y should have a frequency fi-Afj when it arrives at GPS receiver 14. To account for the 
Doppler effect, GPS receiver 14 replicates the carrier signals across a frequency spectrum ^p*: 
ranging from f*-Af mm to f*-Af mdx until the frequency of the replicated carrier signal matches the 
frequency of the received GPS signal 1 1-y, wherein Af m \ n and Af mzx are a minimum and maximum 
5 change in frequency GPS signals 1 1-y will undergo due to the Doppler effect as they travel from 
satellites 12-y to GPS receiver 14, i.e., A/ min <Afj< A/ max . 

In the code phase dimension, GPS receiver 14 replicates the unique PN-y codes 
associated with each satellite 12-y. The phases of the replicated PN-y codes are shifted across 
code phase spectrums R/spec) until replicated carrier signals modulated with the replicated PN-y 
10 codes correlate, if at all, with GPS signals 1 1-y being received by GPS receiver 14, wherein each 
code phase spectrum R/spec) includes every possible phase shift for the associated PN-y code. 
When GPS signals 1 1-y are detected by correlators 16-£, GPS receiver 14 extracts the navigation 
data ND-y from the detected GPS signals 1 1-y and uses the navigation data ND-y to determine a 
P location for GPS receiver 14, as is well-known in the art. 

P 15 Correlators 16-k are configured to perform parallel searches for a plurality of 

W PN-y codes across the frequency spectrum / spec and the code phase spectrums R/spec). In other 

|ij words, each of the plurality of correlators \6-k are dedicated to searching for a particular PN-y 

f 8 ^ code across each possible frequency between f*-Af m[n to /»-A/ max and each possible for that PN-y 

Vi code. When a correlator 1 6-k completes its search for a PN-y code, the correlator 16-£ searches 

f 20 for another PN-y code across each possible frequency between frAf m \ n to /*-A/ max and each possible 
jsa phase shift for that PN-y code. This process continues until all PN-y codes are collectively 

*~ searched for by the plurality of correlators 16-£. For example, suppose there are twelve satellites 

:Q 12-y, thus there would be twelve unique PN-y codes. If GPS receiver 14 has six correlators 16-£, 

then GPS receiver 14 would use its correlators 16-£to search for two sets of six different PN-y 
25 codes at a time. Specifically, correlators 1 6-k search for the first six PN-y codes, i.e., correlator 
16-1 searches for PN-1, correlator 16-2 searches for PN-2, etc. Upon completing the search for 
the first six PN-y codes, correlators 16-i search for the next six PN-y codes, i.e., correlator 16-1 
searches for PN-7, correlator 16-2 searches for PN-8, etc. 

For each PN-y code being searched, correlator 16-& performs an integration and 
30 dump process for each combination of frequency and phase shifts for that PN-y code. For 

example, suppose the frequency spectrum ^pec includes 50 possible frequencies for the carrier 
signal and the code phase spectrum R/spec) for a PN-y code includes 2,046 possible half-chip 
phase shifts. To search for every possible combination of frequency and half-chip phase shifts for 
the PN-y code, the correlator 16-£ would then need to perform 102,300 integrations. A typical 
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integration time for correlators 16-k is 1 ms, which is generally sufficient for GPS receiver 14 to 
detect GPS signals 1 1-y when antenna 15 has a clear view of the sky or a direct line-of-sight to 
satellites 12-y. Thus, for the above example, 102 .3 seconds would be required for one correlator 
16-£to search every possible combination of frequency and half-chip phase shifts for a PN-y 
5 code. 

GPS receivers, however, are now being incorporated into mobile-telephones or 
other types of mobile communication devices which do not always have a clear view of the sky. 
Thus, GPS receiver 14 will not always have a clear view of the sky. In this situation, the 
signal-to-noise ratios of GPS signals ll-j received by GPS receiver 14 are typically much lower 
10 than when GPS receiver 14 does have a clear view of the sky, thus making it more difficult for 
GPS receiver 14 to detect the GPS signals 1 l-j. To compensate for weaker signal-to-noise ratios 
and enhance detection of GPS signals 1 l-j, correlators 16-k can be configured with longer 
integration times. A sufficient integration time, in this case, would be approximately 1 second. 
q Thus, for the example above, 102,300 seconds would be required for a correlator 16-k to search 

*y 15 for every possible combination of frequency and half-chip phase shifts for a PN-y code. Longer 
fjj integration times result in longer acquisition times for detecting GPS signals 1 l-j. Longer 

]^ acquisition times are undesirable. 

1^ Wireless assisted GPS (WAG) systems were developed to facilitate detection of 

^ GPS signals 1 l-j by GPS receivers configured with short or long integration times. The WAG 

U 20 system facilitates detection of GPS signals 1 l-j by reducing the number of integrations to be 
!"* performed by correlators searching for GPS signals 1 l-j. The number of integrations is reduced 

jU by narrowing the frequency range and code phase ranges to be searched. Specifically, the WAG 

system limits the search for GPS signals 1 l-j to a specific frequency or frequencies and to a range 

in 

of code phases less than the code phase spectrum R/spec) during time intervals referred to herein 

25 as search windows. 

FIG. 3 depicts a WAG system 20 comprising a WAG server 22, a plurality of 
base stations 23 and at least one WAG client 24. WAG server 22 includes a GPS receiver 26 
having an antenna 27 installed in a known stationary location with a clear view of the sky. GPS 
receiver 26 would typically have correlators configured with short integration times because 

30 antenna 27 has a clear view of the sky. WAG server 22 being operable to communicate with base 
stations 23 either via a wired or wireless interface. Each base station 23 has a known location and 
provides communication services to WAG clients located within a geographical area or cell 25 
associated with the base station 23, wherein each cell 25 is a known size and is divided into a 
plurality of sectors. WAG client 24 includes a GPS receiver 28 and perhaps a mobile-telephone 
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27, and is typically in motion and/or in an unknown location with or without a clear view of the 
sky. GPS receiver 28 having correlators typically configured with long integration times. Note 
that the term "mobile-telephone," for purposes of this application, shall be construed to include, 
but is not limited to, any communication device. 
5 FIG. 4 is a flowchart 300 illustrating the operation of WAG system 20. In step 

310, WAG server 22 detects a plurality of satellites 12-y via their GPS signals 1 l-j using its GPS 
receiver 26. WAG server 22 acquires the following information from each detected satellite 12-y: 
the identity of satellite 12-j and frequency j£, code phase, elevation angle a, and azimuth angle 
associated with the detected satellite 12-y, wherein the elevation angle a 7 is defined as the angle 
10 between the line of sight from WAG server 22 or client 24 to a satellite \2-j and a projection of 
the line of sight on the horizontal plane, and the azimuth angle is defined as the angle between 
the projection of the line of sight on the horizontal plane and a projection of the north direction 
on the horizontal plane. See FIG. 5, which depicts an elevation angle <x y and an azimuth angle 
O corresponding to a satellite 12-j and a WAG server 22 or WAG client 24. 

jj 15 In step 315, WAG server 22 receives sector information from base station 23 

W currently in communication with or serving WAG client 24, wherein the sector information 

I^J indicates a sector WAG client 24 is currently located. In step 320, WAG server 22 makes an 

I s * initial estimate of WAG client's position based on the known location of the serving base station, 

the cell size associated with the serving base station, the sector in which WAG client 24 is 
f 8 * 20 currently located, and the one way delay between the WAG client 24 and the serving base station. 

In one embodiment, WAG server 22 initially estimates that WAG client 24 is located at a 
fU reference point within the sector, e.g., point at approximate center of sector. In another 

^ embodiment, WAG server 22 initially estimates WAG client 24's position using well-known 

enhanced forward link triangulation (EFLT) techniques. 
25 In step 330, for each detected satellite 12-j, WAG server 22 uses the information 

acquired from the detected GPS signals 1 l-j to predict, for a reference time a frequency fjj) at 
the reference point, a code phase search range R/sect) which includes all possible code phases 
for GPS signal 1 l-j arriving anywhere within the sector or an estimated area smaller than the 
sector where WAG client 24 is currently located, wherein reference time tj is a GPS time. In step 
30 340, WAG server 22 transmits a search message to the serving base station 23, wherein the search 
message includes, for each detected satellite 12-y, information regarding the associated PN-y code, 
predicted frequency jg(r), code phase search range R/sect) and reference time tj. 

In step 350, serving base station 23 transmits the search message to WAG client 
24 which, in step 360, begins a parallel search within search windows indicated by reference 
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times tj for the satellites 12-y indicated in the search message. Specifically, WAG client 24 will 
use its correlators to simultaneously search for each of the GPS signals 1 l-j at the predicted 
frequency f/j) within the limitations of the code phase search range Resect) and search windows 
indicated by reference times tj. Thus, the number of integrations is reduced to the predicted 
frequency j£{r) within the limitations of the code phase search range R/sect). 

In order for WAG client 24 to properly perform the search, WAG client 24 needs 
to be synchronized to GPS time such that WAG client 24 searches for GPS signals 1 l-j at the 
appropriate times as indicated by reference time /, which, as mentioned earlier, is a GPS time. 
WAG client 24 is typically synchronized to a system time, which is corresponds to timing used to 
synchronize base station 23 to other base stations 23 belonging to a same wireless 
communications system. If the system time is synchronized with GPS time, WAG client 24 will 
understand GPS time and search for GPS signals 1 l-j at the appropriate times as indicated by 
reference times (,. Wireless communications systems based on the well-known IS-95 or IS-2000 
standard utilize a system time that is synchronized with GPS time. However, wireless 
communications systems based on other standards, such as W-CDMA, TDMA or GSM, do not 
utilize a system time that is synchronized with GPS time. In such wireless communications 
system, WAG client 24 would need to receive reference times tj expressed in terms of system 
time, or would need to be able to synchronize itself to GPS time. Accordingly, there exists a need 
to derive accurate GPS timing so that WAG technology can be applied to wireless 
communications systems not synchronized with GPS timing. 

Summary of the Invention 

The present invention is a method for deriving accurate global positioning 
satellite (GPS) timing by calibrating frame boundaries to GPS timing. Time calibration is 
achieved by determining a calibration time At between a reference GPS time (or pulse) and an «th 
frame boundary. The calibration time At and a frame boundary identifier specifying the nth frame 
boundary are provided to a device equipped with a full or partial GPS receiver so that the GPS 
equipped device may synchronize itself to GPS timing. Upon synchronizing itself to GPS timing, 
the GPS equipped device may search for GPS signals using information provided by a 
geographical location server, e.g., WAG server. 
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Brief Description of the Drawings 

The features, aspects, and advantages of the present invention will become better 
understood with regard to the following description, appended claims, and accompanying 
drawings where 

FIG. 1 depicts a well-known satellite-based navigational system referred to as Global 
Positioning System (GPS); 

FIG. 2 depicts a typical 20 ms frame of a GPS signal; 
FIG. 3 depicts a Wireless Assisted GPS (WAG) system; 

FIG. 4 depicts a flowchart illustrating the operation of the WAG system of FIG. 3; 

FIG. 5 depicts an elevation angle oc, and an azimuth angle <j) 7 corresponding to a satellite 
and a WAG server or WAG client; 

FIG. 6 depicts a wireless assisted GPS (WAG) system in accordance with the present 
invention; 

FIG. 7 depicts a series of frames over which data is transmitted; 
FIG. 8 depicts a GPS pulse train derived using a GPS signal; 

FIG. 9 depicts a base station signal and a GPS signal being transmitted to a dedicated 
timing calibration (DTC) unit over a wireless interface; 

FIG. 10 depicts how time calibration is performed by DTC unit 

FIG. 1 1 depicts a flowchart illustrating one possible geographical location process using 
the WAG system of FIG. 6; and 

FIG. 12 depicts a relationship between a calibration time At and one way propagation 

delay. 

Detailed Description 

FIG. 6 depicts a wireless communications or wireless assisted GPS (WAG) 
system 60 in accordance with the present invention. WAG 60 comprises at least one base station 
62, a dedicated timing calibration (DTC) unit 66, a WAG server 68 and at least one WAG client 
69. Base station 62 has a known location and provides communication services to WAG clients 
located within an associated geographical area or cell. Base station 62 is connected via a wired or 
wireless interface 65 and 67 to DTC unit 66 and WAG server 68. DTC unit 66 is a device for 
performing time calibration and may be connected to WAG server 68 via a wired or wireless 
interface 61 . DTC unit 66 includes an oscillator and a GPS receiver having an antenna positioned 
with a clear view of the sky for receiving GPS signals from GPS satellites 64-£. WAG server 68 
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includes a GPS receiver having an antenna installed in a known stationary location with a clear 
view of the sky. WAG client 69 includes an oscillator, a GPS receiver and perhaps a 
mobile-telephone, and is typically in motion and/or in an unknown location with or without a 
clear view of the sky. Note that the term "mobile-telephone," for purposes of this application, 
5 shall be construed to include, but is not limited to, any communication device. 

DTC unit 66 performs time calibrations between system timing and GPS timing. 
To describe how DTC unit 66 performs this time calibration function, an understanding of system 
timing and GPS timing is explained herein. System timing refers to the timing used by the 
wireless communications system to which base station 62 and WAG client 69 belong, whereas 

10 GPS timing refers to the timing used by GPS satellites 64. System timing is assumed to not be 
synchronized to GPS timing. It should be understood that the present invention is also applicable 
when system timing is synchronized to GPS timing, for example, where it can be used for fine 
tuning of the synchronization among multiple base stations. 

System timing is used to synchronized base station 62 with other base stations 

15 belonging to a same wireless communications system, and to WAG client 24 or other mobile- 
stations belonging to the same wireless communications system. Base station 62 transmits data 
over a plurality of frames to WAG client 24, wherein each frame spans a known time interval and 
transmission of each frame is synchronized according to system timing. FIG. 7 depicts a series of 
frames 70-« over which data is transmitted. Each frame 70-n begins and ends transmission at 

20 times /„ and t tt+] , wherein the time duration between times /„ and t tt¥] is T. Frames 70-n are 

defined by frame boundaries 72-w and 72-w+l. Each frame 70-n includes synchronization bits 74 
for indicating frame boundaries 72-n and/or 72-w+l. Note that synchronization bits 74 are shown 
in FIG. 7 as being at the beginning of a frame. It should be understood that synchronization bits 
74 may be inserted anywhere within a frame 70-n so long as synchronization bits 74 indicate the 

25 location of frame boundaries 72-n and/or 72-w+l . 

GPS satellites 64-k are synchronized to each other using GPS timing. GPS 
timing is embedded into GPS signals and subsequently transmitted to DTC unit 66, WAG server 
68, WAG client 69 and any other device equipped with a GPS receiver. Upon receiving a GPS 
signal, DTC unit 66 derives a GPS time tGPs-dcrivcd, and uses its oscillator to generate a GPS pulse 

30 train representing GPS timing, wherein the GPS pulse train is synchronized to the GPS time 

tops-derived- DTC unit 66 will periodically derive other GPS times tGPS-denved' to discipline or correct 
errors in the GPS pulse train due to drifts in its oscillator. FIG. 8 illustrates a GPS pulse train 80 
derived using a GPS signal and its oscillator. GPS pulse train 80 includes a series of pulses 82, 
wherein pulses 82 are spaced, for example, a millisecond apart. 
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Time calibration is performed by DTC unit 66 using a base station signal and a 
GPS signal 63-£. Generally, the base station signal can be any signal transmitted by base station 
62 over one or more frames 70. In one embodiment, the base station signal includes a request for 
DTC unit 66 (or other device equipped with a GPS receiver) to perform timing calibration. FIG. 
9 depicts base station signal 90 and GPS signal 63-£ being transmitted to DTC unit 66 over a 
wireless interface. 

FIG. 10 depicts how time calibration is performed by DTC unit 66. Upon 
receiving base station signal 90, DTC unit 66 determines when one or more frame boundaries 
72-/7 were received using synchronization bits 74 and generates a system pulse train 92 
comprising of pulses 94-w, wherein pulses 94-n corresponds to frame boundaries 72-w or another 
reference point in frames 70-«. Similarly, upon receiving GPS signal 63-£, DTC unit 66 derives a 
GPS time taps-derived^^ generates GPS pulse train 80 using the derived GPS time t G ps-denved and its 
oscillator. Based on GPS pulse train 80 and system pulse train 92, DTC unit 66 determines a 
calibration time At using its oscillator, which is the time difference between a reference GPS 
pulse (or time) 82 and a reference system pulse 94-w, wherein the DTC's oscillator preferably 
provides timing information at an accuracy of .05 parts per million or better. In one embodiment, 
the reference GPS pulse (or time) 82 is predetermined and known to DTC unit 66 and WAG 
client 69. For example, reference GPS pulse 82 corresponds to every 100 th pulse or millisecond 
from a reference GPS time Upon determining the calibration time At, DTC unit 66 subsequently 
transmits the calibration time At and a reference frame identifier to base station 62, wherein the 
reference frame identifier specifies a frame boundary 72-w (or frame 70-/?) corresponding to the 
reference system pulse 94-w. 

Note that in another embodiment, base station signal 90 is transmitted to DTC 
unit 66 over a wired interface. In yet another embodiment, DTC unit 66 is synchronized to 
system timing and has a prior knowledge of when frame boundaries 72 are transmitted, thus no 
base station signal 90 is transmitted to DTC unit 66. 

Generating GPS pulse train 80 can be facilitated if GPS signal 63-k can be 
acquired or detected faster by DTC unit 66. In one embodiment, base station signal 90 includes a 
request for timing calibration and information indicating GPS satellites 64-& which are in view of 
base station 62 and/or DTC unit 66 and associated Doppler frequencies ^(r). In another 
embodiment, base station signal 90 includes the request for timing calibration and aiding 
information (such as that provided by WAG server 68 to WAG client 69 via base station 62) with 
a maximum holding time AT for indicating when such aiding information expires. 
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It should be noted that the above description for FIG. 10 assumes that DTC unit 
66 is co-located with base station 62 and, thus, propagation delay for base station signal 90 to 
DTC unit 66 is negligible. It should be understood that the present invention is also applicable if 
the propagation delay between base station 62 and DTC unit 66 is not negligible. Persons of 
5 ordinary skill in the art should be able to perform time calibration under such circumstances. 

FIG. 1 1 is a flowchart 100 illustrating one possible geographical location process 
using WAG system 60 in accordance with the present invention. In step 102, location service is 
initiated and timing calibration is requested of DTC unit 66. In step 104, DTC unit 66 performs 
timing calibration, i.e., determine calibration time At, for a particular base station 62. In step 106, 
10 DTC unit 66 provides WAG server 68 via base station 62 with the calibration time At with 
respect to the «th frame boundary. In step 108, WAG server 68 provides the following 
information to base station 62 for each satellite detected by WAG server 68: the calibration time 
At with respect to the nth frame boundary, an estimated frequency ^(r) at a reference point within 
Q a sector in which WAG client 69 is currently located; a code phase search range Resect) which 

'% 15 includes all possible code phases for GPS signal 63-k arriving anywhere within the sector or an 

sfss 

fjj area smaller than the size of the sector where WAG client 69 is currently located; and a GPS 

if: 

:T: reference time t k indicating a time duration or search window wherein the estimated frequency 

\± f^f) and code phase search range Resect) are valid. 

' In step 1 10, base station 62 transmits an enhanced search message to WAG client 

si 

j«* 20 69, wherein the enhance search message is transmitted over a series of frames 70. The enhanced 
;~ search message includes the estimated frequencies J*(r), the code phase search ranges Resect), the 

!U GPS reference times t k , the calibration time At and delay information. Delay information includes 

,% at least delays undergone in the transmission of the enhanced search message but not in the 

transmission of the base station signal from creation of the enhanced search message and/or base 
25 station signal in base station channel elements to reception of such signals at WAG client 69 

and/or DTC unit 66, respectively. Typically, delay information includes one way (or roundtrip) 
propagation delays corresponding to delays in the transmission of signals from the base station 
antenna points to WAG client 69. Propagation delays can be determined in well known fashion. 
See FIG. 12, which depicts a relationship 95 between the calibration time At and one way 
30 propagation delay OWD. 

In step 1 12, WAG client 69 receives the enhanced search message, time stamps 
when the enhance search message was received using the synchronization bits and its internal 
clock, and synchronizes its internal clock using the calibration time At and delay information 
included in the enhanced search message. Specifically, to synchronize its internal clock to GPS 
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timing, WAG client 69 accounts for one way propagation delay between base station 62 and 
WAG client 69 by first subtracting the one way propagation delay OWD from the time at which 
the enhanced search message was received by WAG client 69 to produce a common frame 
boundary reference time with DTC unit 66. The common frame boundary reference time 
referring to a time reference in which non-common delays between transmission of a signal from 
base station 62 to DTC unit 66 and from base station 62 to WAG client 69 are taken into account. 
Subsequently, the calibration time At is subtracted (or added) from the common frame boundary 
reference time to get GPS timing. 

Note that step 1 12 assumes that DTC unit 66 has a wireless connection with base 
station 62 and is co-located with base station 62 such that the propagation delay is approximately 
zero or nil. Accordingly, signals transmitted from base station 62 to DTC unit 66 and WAG 
client 69 will undergo a same transmission delay between base station channel elements to base 
station antenna points. But if the connection between DTC unit 66 and base station is a wired 
interface, transmission delays would need be taken into account when performing time calibration 
since transmission delays between base station channel elements to DTC unit 66 may not be 
different than transmission delays between base station channel elements to base station antenna 
points (and/or WAG client 69). Specifically, transmission delay between base station channel 
elements and DTC unit 66 need be accounted for, and transmission delay between base station 
channel elements and antenna points need to be accounted for. Additionally, delay information 
would also need to include transmission delay information corresponding to delays in the 
transmission from base station channel elements to base station antenna points. 

In step 1 14, WAG client 69 begins to search for the GPS signals indicated in the 
enhanced search message using the derived GPS timing. For example, DTC unit 66 searches for 
GPS satellite 63-k by searching, within a search window indicated by GPS time t k , for the 
associated PRN code PN-A: using estimated frequency /*(r) and the code phase search range 
Resect). 

In step 1 16, WAG client 69 detects and processes the detected GPS signals 63-k. 
In step 1 18, WAG client derives a GPS time / C re^«w upon processing the detected GPS signals 
and compares the GPS time t c ps^rived- to frame boundaries in signals transmitted by base station 
62 to determine a second calibration time At', wherein the calibration time At ' may or may not 
take into account one way propagation delays between WAG client 69 and base station 62. In 
step 120, the second calibration time At' is transmitted back to base station 62. In step 122, if 
another request for time calibration is requested (for another or same WAG client 69), the second 
calibration time At' may be used. Subsequently, another calibration time At" is determined by 
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the WAG client receiving the second calibration time and transmitted back to base station 62, and 
so on. 

The present invention is described herein with reference to certain embodiments. 
It should be understood that other embodiments are possible and that the present invention should 
not be limited to the embodiments described herein. 

For example, the present invention can be used to predict timing offsets among 
base stations in WCDMA systems to improve handoff performance. Currently, system timing at 
different base stations in WCDMA can be off by ±500|is. This implies that when a mobile- 
station is handed off from one base station to another, the search window at the mobile- station 
should be as large as ±500jis in order to acquire signals from the second base station (assuming 
that the distance from the first base station to the mobile- station and the from the second base 
station to the mobile-station is the same). By using the timing calibration At\ the WCDMA 
system will have offset information regarding difference in system timing from base station to 
base station. The parameters that define the search window at the mobile-station can thus be 
enhanced to narrow the search window from signals transmitted by the second base station. 
Accordingly, the transient time of handoff can be reduced, and system performance improved. 

In another example, the present invention can e used to enable a network based 
geographical location solution in a non-synchronized network to cover legacy mobile-stations 
(i.e., non-GPS equipped mobile-stations). The system timing is used to record time differences of 
arrival (TDOA) either at the mobile-station through down link or at multiple base stations through 
uplink signals. The system timing at multiple base stations are calibrated with the GPS timing. 
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